In an artificial grammar learning task, amnesic patients classified test items as well as normal subjects did. Item similarity did not affect grammaticality judgments when similar and nonsimilar test items were balanced for the frequency with which bigrams and trigrams (chunks) that appeared in the training set also appeared in the test items. Amnesic patients performed like normal subjects. The results suggest that concrete information about letter chunks can influence grammaticality judgments and that this information is acquired implicitly. The similarity of whole test items to training items does not appear to affect grammaticality judgments.
In tasks of artificial grammar learning, subjects see a series of letter strings generated by a finite-state rule system. Although subjects are not initially told about the existence of the rules governing formation of the letter strings, they are nevertheless able on a subsequent test to classify new letter strings as either grammatical or nongrammatical. One view of artificial grammar learning holds that the learning is implicit (nondeclarative) and that subjects acquire the ability to classify without explicit (declarative) access to their knowledge. The learning is based on subjects' ability to detect regularities in the stimulus environment without being aware of them (see Reber, 1989 Reber, ,1992 , for reviews; also Mathews et al, 1989) . In support of this view, subjects are generally poor at describing the basis for their classification judgments. Others have challenged the idea that artificial grammar learning is implicit. For example, it was shown that subjects could acquire some explicit knowledge of the grammar during presentation of letter strings, and this knowledge appeared adequate to account for classification performance (Dulany, Carlson & Dewey, 1984; Perruchet & Pacteau, 1990) . The question remained as to whether this explicit knowledge is ordinarily used by subjects in making judgments of grammaticality.
Recently, we found that amnesic patients who have severely impaired declarative memory, nevertheless performed as well as normal subjects at artificial grammar learning (Knowlton, Ramus, & Squire, 1992) . These patients have profound deficits in storing information in declarative memory, although they can learn implicitly and store nondeclarative forms of knowledge. Specifically, amnesic patients performed well on a classification task involving novel grammatical and nongram-matical letter strings, despite the fact that they were severely impaired on a recognition test for the letter strings that were used to teach the grammar. These results provided evidence that declarative knowledge of the grammar does not materially contribute to classification performance. In a second experiment, normal subjects performed better than amnesic patients when given instructions to base each judgment on the similarity of the test items to individual training items. These results suggested that normal subjects can use declarative knowledge about specific training items when instructed to do so.
An additional question about artificial grammar learning, independent of whether the learning is implicit or explicit, concerns the nature of the information that is learned. According to one view, subjects learn a set of abstract rules that are either veridical, partial representations of the underlying formal grammar (Reber, 1967 (Reber, ,1976 or partially valid informal grammars (Dulany et al., 1984) . A second view proposes that classification performance is based substantially on direct comparisons between whole test items and the individual letter strings that are presented (Brooks, 1978; Vokey & Brooks, 1992) . Finally, it has been suggested that artificial grammar learning is based not on learning about whole letter strings, but on learning about grammatically permissible fragments of letter strings, such as bigrams and trigrams (Perruchet & Pacteau, 1990) . By this view, information about grammatically permissible fragments is gathered across a set of training exemplars. In a formal model based on a similar idea (ServanSchreiber & Anderson, 1990) , fragments of the letter strings presented during training ("chunks") compete with each other for associative strength ("chunk strength") with the grammatical category.
It has been difficult to distinguish among these three possibilities, because the relevant characteristics of test items (their adherence to the grammatical rules, their similarity to training items, and the associative strength of grammatical chunks) are confounded in most studies of artificial grammar learning. That is, letter strings that follow the grammatical rules are also likely to be similar to individual test items and to consist of chunks that appeared frequently within the training items. The separate contributions of grammatical rules and item similarity have been examined by generating test items in which adherence to the rules and the similarity of whole test items to individual training items were manipulated independently (McAndrews & Moscovitch, 1985 Note. WAIS-R = Wechsler Adult Intelligence Scale-Revised (Wechsler, 1981) ; WMS-R = Wechsler Memory Scale-Revised (Wechsler, 1987) . The WAIS-R and the five WMS-R indexes each yield a mean score of 100 in the normal population, with standard deviations of 15. The WMS-R does not provide numerical scores for subjects who score below 50. Therefore such values were scored as 50 for computing a group mean.
1992). The finding was that both adherence to grammatical rules and the similarity between training and test items appeared to contribute to classification judgments.
In the present study, we explored several aspects of artificial grammar learning. In Experiment 1, we examined two issues related to our previous study of amnesic patients (Knowlton et al., 1992) . First, in the earlier study the ability of amnesic patients to classify novel test items as grammatical or nongrammatical was numerically poorer than that of normal subjects, although the difference between groups did not approach significance (the amnesic patients classified 63.2% of the items correctly; the normal subjects classified 66.9% correctly). We suggested that artificial grammar learning is implicit and that such learning can proceed independently of declarative memory for the specific exemplars used in the training set. However, in view of the small numerical difference between the groups, one might argue that weak, or partial, declarative memory for the items in the training set (in the case of the amnesic patients) is still sufficient to give rise to nearly (but not quite) normal classification performance. Thus, one purpose of Experiment 1 was to determine whether amnesic patients always perform slightly below the normal level or whether they can perform numerically as well as normal subjects.
The second purpose of Experiment 1 was to reexamine the effect of instructional set on classification performance. In our previous study (Knowlton et al., 1992) , control subjects performed significantly better than amnesic patients when the instructions were to judge whether the test items were similar to or dissimilar from the training items. However, the similarity judgment task was administered a few weeks after a recognition memory task for letter strings. It seemed possible that the control subjects in the similarity judgment task might have tried to memorize the training letter strings and retain them in long-term memory because they were expecting another recognition memory test. The amnesic patients would not have remembered the previous recognition memory task and in any case would not have been able to memorize the letter strings. Thus in the present Experiment 1, subjects were first tested with classification instructions and later tested with similarity instructions using a different grammar. The subjects tested in the similarity judgment condition would therefore have no reason during the presentation of the training items to retain items in explicit memory for later use.
In Experiment 2a, we first attempted to replicate the recent study by Vokey and Brooks (1992) in which the grammaticality of test items (i.e., whether they adhered to the grammatical rules) and the similarity of whole test items to individual training items were manipulated independently. Although this approach can separate these two factors (grammaticality and item similarity), the influence of chunk strength is not controlled across test items. That is, the similarity of whole test items to specific training items is ordinarily confounded with chunk frequency (the frequency with which grammatical bigrams and trigrams that appear in the training set also appear in the test set). If grammaticality judgments are based substantially on the presence of grammatical chunks in test items, the influence of the similarity between whole test items and training items cannot be evaluated unless similar and nonsimilar test items are balanced for chunk frequency. Accordingly, in Experiment 2b we manipulated independently the similarity of whole test items to specific training items as well as the frequency with which chunks in the training items also occurred in the test items.
Experiment 1
Normal subjects and amnesic patients performed two artificial grammar tasks. In the first task (classification), the instructions were to classify test items according to whether they conformed to the rules that had been used to generate the items studied in the training set. In the second task (similarity), the instructions were to judge each test item according to its similarity to items in the training set.
Method

Subjects
Amnesic patients. Twelve amnesic patients were tested (see Table 1 for patient characteristics). These patients had all been included in our previous study of artificial grammar learning (Knowlton et al., 1992) . Six of the patients (4 men and 2 women) had diencephalic amnesia, 4 (RC, VF, PN, and JW) as a result of alcoholic KorsakofFs syndrome, 1 (MG) as a result of a thalamic infarction, and 1 (NA) as a result of a penetrating brain injury. Damage to the diencephalon was confirmed in all 6 cases with magnetic resonance imaging (MRI) or quantitative computed tomography (RC, PN, and JW: Squire, Amaral, & Press, 1990 ; NA: Squire, Amaral, Zola-Morgan, Kritchevsky, & Press, 1989; VF: Shimamura, Jernigan, & Squire, 1988 ; MG: our unpublished observations). The other 6 patients (5 men and 1 woman) had (Osterrieth, 1944 , maximum score = 36). The patients' average score for copying the figure was 28.4, a normal score (see Kritchevsky, Squire, & Zouzounis, 1988) . The paired-associate scores were the number of word pairs recalled on three successive trials. The word recall score was the percentage of words identified correctly across five successive study-test trials, and the word recognition score was the percentage of words identified correctly on a yes/no recognition test across five successive trials (Rey, 1964) . The scores for words and faces were based on a 24-hr recognition test of 50 words and 50 faces (modified from Warrington, 1984 ; maximum score = 50, chance = 25). The mean scores for normal control subjects are from Squire and Shimamura (1986) . Note that patient NA's performance on nonverbal memory tests was not severely impaired because his brain injury is primarily left unilateral.
confirmed or suspected damage to the hippocampal formation. For patients WH, JL, and PH, hippocampal damage was confirmed by MRI (WH and JL: Squire et al, 1990; Kritchevsky & Squire, 1993; PH: Polich & Squire, 1993) . For patients AB and GD, the etiology of the amnesia (anoxia or ischemia) suggested that damage to the hippocampal formation had occurred. One patient, LJ, became amnesic gradually during a 6-month period without a known precipitating event. This patient could not be confidently classified by lesion site but was tentatively placed in the hippocampal group. All 12 patients were well characterized neuropsychologically (Tables  1 and 2 ). Scores on the word recall test were above zero because the test assesses immediate recall, and short-term memory remains intact in amnesia. Immediate and delayed (12 min) recall of a short prose passage averaged 5.0 and 0 segments, respectively (21 total segments; Gilbert, Levee, & Catalano, 1968) . The mean score on the Dementia Rating Scale (Mattis, 1976) was 133.2, and the range was 125-143 (maximum score = 144). Most of the points lost by the patients were on the memory subportion of the test (M = 6.3 points lost). The mean score for the patients on the Boston Naming Test (Kaplan, Goodglass, & Weintraub, 1983) was 56.0, and the range was 47-59 (maximum score = 60). Scores for normal subjects on these tests can be found elsewhere (Janowsky, Shimamura, Kritchevsky, & Squire, 1989; Squire et al., 1990) .
Control subjects. The 12 control subjects (5 men and 7 women) were either employees or volunteers at the San Diego Veterans Affairs Medical Center or were recruited from the retirement community of the University of California, San Diego. They were selected to match the amnesic patients with respect to age (M = 62.7, range = 55-74), education (for controls, M = 13.9 years, range = 10-18; for amnesic patients, M = 13.6 years, range = 9-19), and scores on two subscales of the Wechsler Adult Intelligence Scale-Revised (WAIS-R; Wechsler, 1981) : Information (for control subjects, M = 21.3, range = 17-27; for amnesic patients, M = 20.8, range = 15-27) and Vocabulary (for control subjects, M = 56.3, range = 38-65; for amnesic patients, M = 54.8, range = 39-65). Immediate and delayed (12 min) recall of a short prose passage averaged 6.7 and 5.7 segments, respectively.
Materials
Letter strings were generated from 2 finite-state Markovian rule systems, described as artificial grammars (Figure 1 ). The letter strings were formed by starting at the IN arrow in Figure 1 and traversing the diagram along the arrows, adding a letter at each transition, until exiting along one of the arrows leading out of the diagram. Using these rule systems, 46 letter strings of two to six letters each were generated for each grammar. Twenty-three nongrammatical letter strings were also generated from each grammar that violated the rule system at one position within the letter string. These rule violations could occur in any position within the letter string. Each letter string was printed on an index card.
Procedure
Classification task Subjects were shown 23 of the 46 grammatical letter strings, one at a time, for 3 s each. Half the subjects received letter strings from one of the grammars, and the other half received letter strings from the other grammar. Subjects were asked to try to reproduce the letter string, using a pencil and paper, immediately after it was presented. If the subject was unable to reproduce the item correctly, the item was presented a second time for 3 s. If the subject was still unsuccessful, the same procedure was repeated a third time before going on to the next item. Subjects were usually able to reproduce the item correctly on their first attempt (90.5% of the time The two finite-state Markovian rule systems used in Experiment 1. Listed below each diagram are examples of "grammatical" letter strings, which can be generated by the rule systems, and "nongrammatical" letter strings, which violate the rule systems at one letter position.
for the control subjects and 86.1% of the time for the amnesic patients). The entire procedure was then repeated a second time using the same 23 items.
Five minutes after the grammatical items were presented, subjects were informed for the first time that the letter strings they had just seen were formed according to a complex set of rules. They were told that they would now be asked to classify new items according to whether the items appeared to conform to these rules. Subjects were instructed that, because the rules were very complex, they should not try to figure them out. Rather, they should base their judgments on their "gut feeling" as to whether an item obeyed the rules. Subjects were then shown 46 new letter strings, one at a time, which they classified as correct or incorrect on the basis of whether they thought the item conformed to the rules. Of the 46 letter strings, 23 were the remaining grammatical items, and 23 were the nongrammatical items. Similarity task. This task was given at least 1 week after the classification task (for control subjects, M = 12 days; for amnesic patients, M = 17 days). The subjects were first given two presentations of 23 grammatical letter strings using exactly the same procedure that had been used for the classification task. For each subject, the grammar used was the one that had not been presented during the classification task. Five minutes after presentation of the letter strings, subjects were shown the 46 new letter strings and were asked to judge whether each item was similar to, or reminded them of, one of the items shown earlier in the session. Subjects were instructed to respond "yes" if an item reminded them of a specific letter string seen earlier and "no" if an item did not remind them of any particular letter string.
Results
Classification Task
Both control subjects and amnesic patients performed significantly above chance on the classification task: The control subjects classified 58.3% (SE M = 2.2%) of the items correctly, and the amnesic patients classified 59.1% (SE M = 2.2%) correctly. There was no significant difference between the groups, t(22) = .23. In fact, the amnesic patients performed numerically higher on the classification task than did the control subjects ( Figure 2 ). The two groups also tended to endorse the same items as grammatical (r = .31, p < .01), Performance of both the control subjects and the amnesic patients was lower than in our previous experiment (in which control subjects classified 66.9% of the items correctly, and the amnesic patients classified 63.2% correctly; Knowlton et al., 1992) . Because the testing situation was identical in the two experiments, the same group of amnesic patients was tested in both experiments, and the control groups were matched to the amnesic patients in both experiments, it is likely that the difference was due to the different grammars and letter sets used in the two studies.
Similarity Task
Both groups also performed above chance on the similarity judgment task: The control subjects judged 60.5% (SE M = 2.5%) correctly, and the amnesic patients judged 59.2% (SE M = 1.9%) correctly. There was no significant difference between the two groups on this measure, t(22) -.40 ( Figure 2) . A two-way analysis of variance (ANOVA) showed no main effects of group or task (classification or similarity) and no interaction (Fs < 1). The two groups tended to endorse the same items as similar (r = .29,p < .01).
Discussion
The amnesic patients performed normally on the artificial grammar learning task under both classification and similarity instructions. Indeed, under classification instructions, amnesic patients performed numerically higher than control subjects. This finding strengthens the proposal that amnesic patients can show fully intact artificial grammar learning (Knowlton et al., 1992) . A small but consistent impairment might be accounted for by supposing that classification is based on declarative memory and that a small amount of declarative memory is sufficient to support nearly normal classification performance. However, the finding that amnesic patients can sometimes score numerically higher than control subjects provides support for the alternative hypothesis, namely, that classification performance relies on implicit memory and is independent of the memory system damaged in amnesia.
When subjects were instructed to base their judgments of the test items according to their similarity to individual training items, they performed at about the same level as when they were instructed to base their judgments on the rules used to form the training items. These results provide additional evidence that both normal subjects and amnesic patients performed this task implicitly and that task performance was not under substantial instructional control. Furthermore, the results suggest that explicit knowledge about specific items is not readily used in making classification judgments. Previous studies have also found that manipulating training or test instructions does not markedly affect classification performance in artificial grammar tasks (Dienes, Broadbent, & Berry, 1991; Mathews et al., 1989; Vokey & Brooks, 1992) . In one study in which an effect of training instructions was found, subjects who viewed letter strings passively performed even better than subjects who were instructed to search actively for rules (Reber, 1976) . A recent study has also shown that actively searching for rules during training impairs classification performance when classification responses must be made quickly during testing (Turner & Fischler, 1993) .
In our previous study (Knowlton et al., 1992) , normal subjects performed better than amnesic patients under similarity instructions, presumably because they were able to make their judgments on the basis of both implicit memory and explicit memory for individual training items. Because the presentation phase of the similarity task resembled that of a recently administered recognition test, control subjects may have been expecting another recognition test and may have tried to retain in memory the specific items that were presented.
Although the two subject groups in Experiment 1 performed equally well under both instructional conditions, questions remain about the nature of the information used to make the classification judgments. Because amnesic patients performed normally, it does not appear that declarative knowledge of the training items is necessary. As we have discussed previously (Knowlton et al., 1992) , subjects could base their judgments on (a) implicit, abstract rules about grammaticality; (b) implicitly learned features of the training items; or (c) implicit knowledge of the similarity between whole test items and training items. In Experiment 2, we examined the roles of item similarity and item grammaticality. First, in Experiment 2a, to examine the contribution of each of these factors to classification, we independently manipulated the similarity of test items to training items and the adherence of test items to grammatical rules, following the procedures of McAndrews and Moscovitch (1985) and Vokey and Brooks (1992) . We then carried out a second test (Experiment 2b) to manipulate test item similarity independently of a different measure of grammaticality. Specifically, we manipulated the similarity of whole test items to individual training items independently of the associative strength of the grammatical chunks in the test items. In this way, we attempted to measure the effect of item similarity on classification judgments in the absence of any confounding effect of chunk frequency.
Experiment 2a
In Experiment 2a, we attempted to replicate the findings of Vokey and Brooks (1992) that for normal subjects both grammaticality and item similarity contributed to classification judgments. As noted previously (Brooks & Vokey, 1991; McAndrews & Moscovitch, 1985; Vokey & Brooks, 1992) , in the typical artificial grammar learning task, the items that follow the grammatical rules are also likely to be similar to specific training items. (In this usage, similar refers to test items that differ from a specific training item by only one letter; nonsimilar refers to test items that differ from all the training items by two or more letters.) In order to eliminate the confounding of test item grammaticality and test item similarity, four kinds of test items can be constructed: (a) items that are both grammatical and similar to specific training items, (b) items that are nongrammatical but are nevertheless similar to specific training items, (c) items that are grammatical but not similar to any training items, and (d) items that are neither grammatical nor similar to any training items. Using such materials, McAndrews and Moscovitch (1985) and Vokey and Brooks (1992) found that both grammaticality and specific item similarity contributed to classification judgments. Items that both adhered to the grammatical rules and were similar to a training item were classified most readily as grammatical, while items that were both nongrammatical and not similar to any training items were classified least often as grammatical. Figure 3 . Finite-state rule system used in Experiment 2, taken from Vokey and Brooks (1992) .
IN
Items that were either grammatical or similar were judged grammatical with intermediate frequency.
Method Subjects
The 8 normal subjects (5 men and 3 women) were either volunteers at the San Diego Veterans Affairs Medical Center or members of the retirement community of the University of California, San Diego. They averaged 62.4 years of age (range = 43-72); 14.3 years of education (range = 12-18); and obtained scores of 20,3 and 48.0 on the Information and Vocabulary subscales, respectively, of the WAIS-R. Immediate and delayed (12 min) recall of a short prose passage averaged 5.9 and 4.0 segments, respectively.
Materials
Letter strings were generated from the finite-state grammar shown in Figure 3 , taken from Vokey and Brooks (1992) . Following their procedure, we first generated 16 letter strings to be used as a training set. For each of these letter strings, we then formed a new letter string by changing a letter at one position. The change could occur in any position within the string. These 16 items were used as test items and were considered similar to the training strings. For half these items, the letter change resulted in letter strings that remained consistent with the rules of the grammar. For the other half of the items, the letter change resulted in a nongrammatical letter string. Sixteen letter strings were also generated in which at least two letters were different from each of the training strings. These were also used as test items and were designated nonsimilar. Half these items followed the grammatical rules, and half were nongrammatical because of a violation of the rules at one position within the letter string. Altogether the test set consisted of 32 letter strings, 8 that were grammatical and similar to a letter string in the training set (GS), 8 that were grammatical and nonsimilar (ONS), 8 that were nongrammatical and similar (NGS), and 8 that were nongrammatical and nonsimilar (NGNS; Appendix A).
Procedure
The procedure was identical to that used in Experiment 1. Thus, subjects viewed each training item one at a time and then immediately tried to reproduce it on a blank sheet of paper. Because the 16-item training set consisted of 8 seven-letter items (Experiment 1 used no items longer than six letters), a few subjects were unable to reproduce the items, even after three attempts. Two subjects who were unable to reproduce 10 or more items (out of the 16 items presented twice) in three attempts were eliminated from further analysis. The remaining 6 subjects correctly reproduced 63.5% of the items on their first attempt and 90.6% of the items within three attempts. After a 5-min delay, subjects were instructed about the existence of the grammatical rules and were asked to classify new items as grammatical or nongrammatical, following the same instructions that were used for the classification task in Experiment 1.
Results
Both the grammaticality of the test items and their similarity to specific training items influenced grammaticality judgments (Figure 4) . Subjects classified as grammatical 62.5% (SE M = 6.5%) of the grammatical items and 30.2% (SE M = 5.7%) of the nongrammatical items. Note that for this comparison the 16 grammatical and 16 nongrammatical items included an equal number of similar and nonsimilar items. The subjects also endorsed as grammatical 54.2% (SE M = 6.6%) of the items that were similar to training items and 38.6% (SE M = 4.4%) of the items that were not similar to any training item. For this comparison, the 16 similar and 16 nonsimilar items included an equal number of grammatical and nongrammatical items (see Table 3 ). A 2 x 2 ANOVA (Table 3) showed main effects on endorsement rate of both grammaticality, F(l, 5) = 21.7, MS e = 287.8, p < .01, and similarity, F(l, 5) = 9.6, MS e = 152.3,p < .05. There was a trend for an interaction between grammaticality and similarity, such that similarity exerted a larger effect on grammatical items than on nongrammatical items, F(l, 5) = 5.9, MS e = 89.8,p < .1. Post hoc comparisons showed that GS items were endorsed more than any other item type, ts(5) > 43,ps < .01, and NGS items were endorsed more than NGNS items, t(5) = 3.84, p < .05. The effect size was .77 for grammaticality and .53 for similarity, as computed by point-biserial correlations (Darlington & Carlson, 1987) . These effect sizes did not differ significantly (z = 1.47). Figure 4 . Percentage of items endorsed as "grammatical" in Experiment 2A (n = 6 normal subjects). Grammatical (G) items were endorsed more than nongrammatical (NG) items, and similar (S) items were endorsed more than nonsimilar (NS) items. Error bars show standard errors of the mean.
Discussion
The results of Experiment 2a replicated those obtained by Vokey and Brooks (1992) . Grammatical items were endorsed as grammatical more often than were nongrammatical items, independently of their similarity to training items. Test items that were similar to specific training items were also endorsed as grammatical more readily than nonsimilar test items, independently of their grammaticality.
Experiment 2b
In Experiment 2a and in previous studies (McAndrew & Moscovitch, 1985; Vokey and Brooks, 1992) , grammaticality was defined as the adherence of test items to the grammatical rules. However, according to the competitive chunking view of artificial grammar learning, grammaticality judgments reflect the degree of association between letter chunks (bigrams and trigrams) and the grammatical category (Servan-Schreiber & Anderson, 1990). According to this view, test items containing chunks that appeared frequently in the training set are more likely to be classified as grammatical than test items that do not contain such chunks. In this sense, artificial grammar learning resembles the task of learning natural categories in that membership in the grammatical category is determined not by a set of rules, but rather by the degree of association between test items and the grammatical features that occur in the set of training items.
If grammaticality judgments are substantially determined by chunk strength, and if similar and nonsimilar test items also tend to differ in chunk strength (see Materials), it follows that the effect of item similarity obtained in Experiment 2a could have been due to the associative chunk strength of the test items rather than the similarity between whole test items and training items. The purpose of Experiment 2b was to assess classification performance when chunk strength was balanced across similar and nonsimilar test items. We therefore selected letter strings for the test set in which grammatical items that were similar to training items had the same average chunk strength as grammatical items that were not similar. Likewise, for nongrammatical items, similar and nonsimilar items were selected so that their average chunk strength was the same. In this way, the effect of the similarity between training and test items on grammaticality judgments was assessed independently of the chunk strength of test items.
Method
Subjects
Amnesic patients. The same 12 amnesic patients who participated in Experiment 1 were tested. An interval of at least 1 month (M = 69 days) separated Experiment 1 and Experiment 2b.
Control subjects. The 13 normal subjects (6 men and 7 women) were either employees or volunteers at the San Diego Veterans Affairs Medical Center or were recruited from the retirement community of the University of California, San Diego. They matched the amnesic patients with respect to age (Af = 64.9 years, range = 53-75), education (M = 15.0, range = 12-21), and scores on the Information (M = 21.5, range = 14-27) and Vocabulary (M = 56.3, range = 45-64) subscales of the WAIS-R. Immediate and delayed (12 min) recall of a short prose passage averaged 7.2 and 5.5 segments, respectively.
Materials
The 16 training items were identical to those used in Experiment 2a (see Appendix A). However, the 32 test items were constructed so that similar and nonsimilar items were equal in terms of the overall associative strength of the letter chunks contained in the test items. Chunks were defined as letter bigrams and trigrams in accordance with Servan-Schreiber and Anderson (1990) . Thus, the letter string MVXRV contained the bigram chunks MV, VX, XR, and RV and the trigram chunks MVX, VXR, and XRV. The associative strength of a chunk was defined as the frequency with which the chunk occurred in the 16 items of the training set. The mean associative strength of the chunks in each test item was then calculated by averaging the obtained frequency scores across all of the chunks in the item.
Previous work has shown that the letters at the beginning and end of letter strings, the anchor positions, are particularly salient when subjects judge grammaticality (Reber, 1967; Reber & Lewis, 1977) . This observation was incorporated into the competitive chunking model of Servan-Schreiber and Anderson (1990) . Accordingly, in the test items of Experiment 2b, we balanced the associative strength of chunks in the anchor positions of the letter strings across similar and nonsimilar items (as well as the overall chunk strength of similar and nonsimilar items). Specifically, for each of the test items, we counted the number of times its first bigram also occurred as a first bigram in the training set, the number of times its last bigram also occurred as a last bigram in the training set, and likewise for its first and last trigrams. The average of these four frequencies provided a measure of the associative strength of the anchor positions for each test string.
Using this analysis of associative strength, we determined that the test items in Experiment 2a did in fact differ significantly in terms of the associative strength of the chunks that occurred in the grammatical and the nongrammatical items (4.5 vs. 3.4), r(30) = 4.3,p < .01. On the average, grammatical items contained chunks that had a higher associative strength than did the chunks in nongrammatical items. Grammatical and nongrammatical items in Experiment 2a had the same average chunk strength (2.2) in anchor positions. In addition, there was a difference between similar and nonsimilar items in terms of the associative strength of chunks in anchor positions (2.6 vs. 1.7), r(30) = 2.2, p < .05, and a numerical difference between similar and nonsimilar items in terms of overall chunk strength (4.1 vs. 3.7), t(30) = 1.51,p > .1.
Finally, the associative chunk strength of the test items and the probability that an item was endorsed as grammatical were positively correlated (r = .65, p < .001), consistent with the possibility that the chunk strength of test items in Experiment 2a did influence grammaticality judgments.
In contrast to the materials used in Experiment 2a, in Experiment 2b the similar and nonsimilar test items were balanced with respect to the associative strength of chunks (Appendix B). To achieve this balance, we selected similar test items (both grammatical and nongrammatical) so as to reduce the associative strength of the chunks in the items, and we selected nonsimilar items so as to increase the associative strength of the chunks in these items. The difference between the associative strength of chunks in the grammatical items and that of chunks in the nongrammatical items was significant (4.3 vs. 3.3), /(30) = 3.8,p < .01. For anchor positions, the difference was also significant between grammatical and nongrammatical items (2.9 vs. 2.0), f(30) = 2.3, p < .05. The important point was that the difference in associative strength of chunks between similar and nonsimilar items was not significant for either overall chunk strength (3.7 vs. 3.9), f(30) = .79, p > .20, or chunk strength at anchor positions (2.5 vs. 2.4), ((30) = 32,p > .20.
Procedure
The procedure was identical to that used in Experiment 2a. Three of the 12 amnesic patients and 1 of the 13 normal subjects were unable to reproduce 10 or more of the 32 training items immediately after seeing them, even after three repetitions, and data from these subjects were not considered further. The 3 patients (MG, PN, and JW) whose data were excluded were not the most amnesic (see Table 1 ). The remaining 9 amnesic patients reproduced 59.0% of the items correctly on their first attempt and 83.3% after three attempts. For the 12 remaining normal subjects, the corresponding values were 61.2% and 87.2%.
Results
Both normal subjects and amnesic patients were able to discriminate grammatical from nongrammatical letter strings ( Figure 5 ). Normal subjects classified 60.9% (SE M = 3.8%) of the grammatical items and 42.2% (SE M = 3.3%) of the nongrammatical items as grammatical. The amnesic patients classified 50.7% (SE M = 2.6%) of the grammatical items and 39.6% (SE M = 2.8%) of the nongrammatical items as grammatical. Across all items, the normal subjects scored 59.4% (SE M = 2.1%) correct, and the amnesic patients scored 55.6% (SEM = 2.3%) correct. These scores did not differ significantly, r(19) = 1.2,p > .20. Finally, the two groups tended to endorse the same test items as grammatical (r = .69,/? < .0001).
The similarity of test items to training items did not measurably affect grammaticality judgments. Normal subjects endorsed as grammatical 53.1% (SE M = 3.2%) of the items that were similar to training items and 50.0% (SE M = 2.9%) of the items that were not similar. The amnesic patients endorsed as grammatical 44.5% (SE M -2.8%) of the similar items and 45.8% (SE M = 3.0%) of the nonsimilar items (Table 3) .
We next examined the performance of each group across grammatical and similar test items with a 2 x 2 x 2 ANOVA. There was a main effect of grammaticality, F(l, 19) = 24.6, M5 e = 204.7, p < .01, on endorsement rate, but we found no effect of similarity (F < 1). There were no interactions between any of the factors (ps > .20). There was also a trend for amnesic patients to have a lower endorsement rate across all items, F(l, 19) = 3.4, MS e = 253.3, p < .10. Specifically, the amnesic patients exhibited a trend for fewer hits (i.e., less frequent endorsement of grammatical items) than normal subjects, t(19) -2.07, p < .06, while also exhibiting numerically fewer false alarms (i.e., less frequent endorsement of nongrammatical items). One explanation for this difference follows from the fact that subjects were instructed before the test that half the items would be grammatical and half would be nongrammatical. Normal subjects may have endorsed more items overall because they could remember their earlier responses and tried to equate their "yes" and "no" responses. Because amnesic patients would not have their previous responses as readily available to them in memory, they would not be as able to equate their "yes" and "no" responses.
The effect sizes for the normal subjects were .62 for grammaticality and .15 for similarity, which represented a significant difference (z = 3.44). The effect sizes for the amnesic patients were .59 for grammaticality and -.08 for similarity, and this difference fell just short of significance (z = 1.95,p < .06). There were no differences in effect sizes between the two groups (zs < .50).
The pattern of responses exhibited by both normal subjects and amnesic patients in Experiment 2b was very different from that exhibited by normal subjects in Experiment 2a. This difference was documented in a 3 x 2 x 2 (Groups x Grammaticality x Similarity) ANOVA. There was an interaction between group and item similarity, F(2,24) = 3.9, MS e = 136.8, p < .05, which occurred because the subjects in Experiment 2a showed a sensitivity to item similarity in making grammaticality judgments, whereas subjects in Experiment 2b did not. There was also an interaction between group and grammaticality, F(2,24) = 3.6, MS e = 222,0,/> < .05, which occurred because the subjects in Experiment 2a were more sensitive to grammaticality than were the subjects in Experiment 2b. The test items were different in these two experiments, and test item differences could have made the grammaticality judgments a little easier in Experiment 2a than in Experiment 2b.
Finally, there was a positive correlation between the probability that an item was endorsed as grammatical and the associative chunk strength of the test items (for normal subjects, r = .33, p = .06; for amnesic patients, r = .30,/? = .09).
Discussion
In Experiment 2b, the associative chunk strength of items that were similar to training items was the same as the associative chunk strength of nonsimilar items. Under these conditions, no effect of item similarity on grammaticality judgments was found. Thus, an effect of specific item similarity on grammaticality judgments was found only when similar and nonsimilar items also differed in terms of the associative strength of the chunks that were contained in the test items (Experiment 2a). Taken together, Experiments 2a and 2b do not support the idea that the similarity between whole test items and specific training items has a significant influence on grammaticality judgments.
The present results differ from previous reports (McAndrews & Moscovitch, 1985; Vokey & Brooks, 1992 ) that the similarity between specific test items and specific training items can influence grammaticality judgments. We suggest that the important difference between the earlier studies and ours is that in the earlier studies test item similarity was confounded with the associative strength of the chunks contained in the test items. Although Experiment 2a replicated in normal subjects the findings reported by Vokey and Brooks (1992) , the results of Experiment 2b suggest that this effect was due to the associative strength of chunks within the test items rather than the similarity between whole test items and individual training items.
To determine directly whether the differences in chunk strength among test items could have contributed to the earlier results, we calculated the associative strength of chunks in the similar and nonsimilar test items used by Vokey and Brooks (1992) . In their Experiments 2 and 3, overall chunk strength as well as anchor position chunk strength was greater for the similar test items than for the nonsimilar test items: For overall chunk strength, M = 2.7 vs. 2.2, f(126) = 4.26, p < .01; for anchor position chunk strength, M -1.5 vs. 1.3, ((126) = 2.93, p < .01. Moreover, in their Experiments 1 and 4, the two-and three-letter chunks in the anchor positions of the similar test items had been repeated more often in the training set than chunks in the anchor positions of the nonsimilar items (M = 2.3 vs. 1.8), ((126) = 3.1, p < .01. Thus, it is plausible that the similarity effect reported by Vokey and Brooks could have been due to the effect of chunk strength on grammaticality judgments.
One possible concern is that the subjects in our Experiment 2b were older (M = 64.9 years) than the college students tested by Vokey and Brooks (1992) . Perhaps if we had tested younger subjects they would have been able to remember the training items better than older subjects and would have made use of information about training and test item similarity. Yet this possibility seems unlikely because in Experiment 2a, when chunk strength was unbalanced to the same degree as in Vokey and Brooks's study, our older subjects (M = 62.4 years) performed similarly to the younger subjects tested by Vokey and Brooks. Amnesic patients in Experiment 2b performed the classification task about as well as normal subjects. Unlike the results obtained in Experiment 1, however, amnesic performance was numerically lower than that of normal subjects (3.8% lower). In any case, the amnesic patients exhibited the same pattern of results as the normal subjects in that judgments were influenced by grammaticality but not by the similarity between whole test items and training items. These results lend further support to the idea that the information acquired in an artificial grammar learning task is nondeclarative and independent of the kind of declarative memory that is impaired in amnesia.
In summary, the results suggest that the information supporting grammaticality judgments is acquired implicitly and independently of declarative memory. In addition, information about the similarity between whole test items and individual training items is not used to make grammaticality judgments. Rather, grammaticality judgments are made on the basis of information gathered across the entire set of training items. Finally, one point should be emphasized about the term similar. The term as used here and previously (Brooks & Vokey, 1991; MacAndrews & Moscovitch, 1985; Vokey & Brooks, 1992) identifies whole test items that closely resemble individual training items. In a different sense, test items that are high in associative chunk strength (but not similar to any individual training item) can also be said to be similar to the training items as a group. That is, test items that are high in associative chunk strength are by definition more similar to the entire set of training items than are test items that are low in associative strength. Thus, it should be clear that in stating our conclusion about test item similarity we use the term similar in a specific and narrow sense. That is, the similarity between whole test items and individual training items does not contribute to grammaticality judgments.
General Discussion
In Experiment 1, amnesic patients performed as well as normal subjects in judging the grammaticality of test items. Normal subjects did not use declarative knowledge of training items to perform better than amnesic patients, even when subjects were instructed to base their judgments on the similarity of test items to training items. In Experiments 2a and 2b, we assessed the role of item similarity more directly by balancing the similarity of whole test items to individual training items across grammatical and nongrammatical items. An effect of item similarity on grammaticality judgments was observed only when chunk strength was unbalanced between the similar and nonsimilar items. When chunk strength was balanced between similar and nonsimilar items, no effect of item similarity was detected.
Judgments of grammaticality might also be determined by the frequency with which (two-and three-letter) chunks appear in training items and become associated with the grammatical category. Experiments 2a and 2b provide some support for this more concrete view of grammaticality. Only in Experiment 2a did item similarity affect grammaticality judgments, and only in that experiment was associative chunk strength confounded with item similarity. Moreover, in Experiment 2b, chunk strength, but not item similarity, affected grammaticality judgments. This difference in the findings for Experiments 2a and 2b was reflected in a significant Group x Test Item Type interaction (compare Figure 4 and the left half of Figure 5 ). It appears that, when test items differ with respect to chunk strength, chunk strength is an important factor in grammaticality judgments.
Although the similarity of training and test items did not appear to play a role in grammaticality judgments, it is plausible that such information could affect performance under certain conditions. For example, task instructions and subjects' expectations might influence how judgments are made. In our earlier study (Knowlton et al., 1992) , normal subjects performed better than amnesic patients when the instructions were to endorse test items that seemed similar to specific training items. This finding, which was not replicated in the present Experiment 1, may have been due to the fact that subjects in the earlier study had taken a recognition memory test before taking the similarity judgment task. Expecting a recognition test, subjects may have tried to memorize individual letter strings during the presentation phase, and this could have assisted them later in making similarity judgments. In addition, enhancing the retrieval of specific training items by presenting a cue for the item at the time of test can produce an effect of item similarity on grammaticality judgments (Vokey & Brooks, 1992) .
Previous work has suggested that subjects learn abstract information about the grammatical rule system, rather than simply a set of associations based on the specific characteristics of the training items. For example, Reber and Lewis (1977) asked subjects to produce correct (i.e., grammatical) letter strings from anagrams. They found that knowledge of grammaticality was not related specifically to the frequency with which test item bigrams had appeared in the training items. Indeed, the correlation between bigram frequency in the training items and bigram frequency in the letter strings that were produced was very low (r = .04). Instead, bigram frequency in the strings that were produced correlated highly (r = .72) with the bigram frequency in the entire set of possible letter strings of appropriate length that could be generated by the rule system. On the basis of these results, Reber and Lewis concluded that subjects learn abstract information about the grammar rather than information based on the instances.
There are two difficulties with this view. First, as noted by Perruchet, Gallego, and Pacteau (1992) , the lack of correlation between the bigram frequency in the items produced and the bigram frequency in the training items might have been due to the fact that subjects were especially likely to produce memorable bigrams such as TV and the doublets W, XX, and TT. These bigrams are particularly salient, and subjects may have tended to produce them instead of other bigrams that had appeared equally often in the training set. Second, in Experiment 2a of the present study, in contrast to the results obtained by Reber and Lewis (1977) , a significant correlation (r = .65) was found between the associative chunk strength of the test items and the frequency with which test items were judged grammatical. Moreover, in Experiment 2b, marginally significant correlations were obtained (r = .30 and .33 for amnesic patients and normal subjects, respectively, both ps < .09). These correlations are consistent with the idea that subjects use associative chunk strength to make their grammaticality judgments. At the same time, although there were significant correlations between chunk strength and grammaticality judgments, a great deal of the variance in performance remains unexplained. One possibility is that the salience of chunks, in addition to their frequency across training exemplars, is an important factor in grammaticality judgments. Chunks like TV or W that are especially noticeable might accrue more associative strength than less noticeable chunks.
The results of Experiment 2a and 2b thus provide some support for the competitive chunking view of grammar learning proposed by Servan-Schreiber and Anderson (1990) . Their view resembles the specific-item similarity view (Brooks, 1978; Jacoby & Brooks, 1984; Vokey & Brooks, 1992) in supposing that grammaticality judgments are based on properties of the exemplars in the training set rather than on abstract rules. The difference between these two ideas is that competitive chunking grants no special status to information about individual items. Rather, the important information is gathered across items. In contrast, the specific-item similarity view holds that whole individual items are remembered and subsequently used as a basis for judgments.
The competitive chunking hypothesis also resembles exemplar-based models (Hintzman, 1986; Medin & Schaffer, 1978) in holding that classification is based on the frequency of occurrence of particular test item features across a set of training exemplars. According to exemplar-based models, judgments about category membership are based on similarity calculations that are performed on the same exemplar-based representations that support recognition memory. However, the fact that amnesic patients exhibit normal artificial grammar learning suggests that the type of category judgment used in grammar learning is not based on the same kind of declarative memory that supports recognition judgments. We suggest that the feature-category associations that are the substance of the competitive chunking model can be acquired implicitly during training and independently of the storage of items in declarative memory. Alternatively, whole individual items might be stored in implicit memory during training, and feature information extracted from the items at the time of test. In this case, individual whole items would be represented separately in both declarative and nondeclarative memory.
If implicit memory can support the associations that are learned according to the competitive chunking hypothesis, it follows that rather specific information can be stored in implicit memory. Procedural learning has sometimes been viewed as the learning of abstract rules. Yet, habit learning (learning to respond in a particular manner to a given set of repeated stimuli) can also be considered an example of nondeclarative memory (see Squire, Knowlton, & Miisen, 1993) . Artificial grammar learning can be viewed as analogous to habit learning if it is seen as the acquisition of the tendency to endorse items containing chunks that are highly associated with the grammatical category.
One potential difficulty with the competitive chunking hypothesis comes from the finding that subjects can successfully classify test items composed of new letters that did not appear in the training set (Brooks & Vokey, 1991; Reber, 1969) . These results suggest that subjects can base grammaticality judgments on either abstract rules Reber, 1969) or a combination of abstract rules and abstract analogies between individual test items and training items (Brooks & Vokey, 1991) .
The competitive chunking model provides no obvious account for transfer effects across letter sets, because, according to the model, the information that is acquired is based on specific bigrams and trigrams. It is difficult to see how knowledge of bigrams and trigrams in the training set could generalize to bigrams and trigrams formed with new letters. It is possible that the ability to transfer performance to novel letter sets depends on extended training or on encouraging subjects to memorize the training items by presenting the items in groups with extended study time (Brooks & Vokey, 1991) . All of the studies in which transfer across letter sets was found involved procedures quite different from the one used in the present experiments. Perhaps when none of the letter chunks used during training are present in the test items to guide performance, subjects can draw on their declarative knowledge of the training items. If so, amnesic patients should not exhibit transfer across letter sets.
Finally, it should be emphasized that the present findings in no way deny the possible importance of abstract rules in artificial grammar learning. It is possible that implicit knowledge of abstract rules typically plays a role in grammaticality judgments, along with information about associative chunk strength (for related views, see Dienes, 1992; Mathews, 1991) . The acquisition of abstract rules seems especially likely when training is extended across many hours . In order to assess the separate contributions of abstract rules and associative chunk strength, test items would need to be constructed in which adherence to rules and associative chunk strength are manipulated independently. In addition, comparing the performance of amnesic patients and normal subjects on such a test could indicate whether each factor is independent of declarative (explicit) memory to the same extent.
In summary, the present results support the view that information extracted across training items in the form of chunk strength is an important influence on grammaticality judgments. The associations between chunks and the grammatical category are formed implicitly, distinct from declarative memory for the training items. These associations form gradually as training items are presented, much in the same way conditioned stimuli accrue predictive strength across trials. Thus artificial grammar learning depends substantially on a process of invariance detection and is tied to the specific exemplars that are presented. 
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